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EFFECTS OF ABSCISIC ACID ON PHENOLIC CONTENT AND 
L3ÏÏNIN BIOSYNTHESIS IN TOBACCO TISSUE CULTURE
CHAPTER I  
INTRODUCTION
A bscisic  ac id  (ABA)5form erly c a lled  a b sc is in  H  o r dormin (3)> 
was f i r s t  id e n t i f ie d  by A ddicott and h is  co-workers (2 , 38) in  e x tra c ts  
from young co tton  f r u i t s .  The follow ing y e a r , C om forth  and h is  
a s so c ia te s  (14) succeeded in  a r t i f i c i a l l y  syn thesiz ing  the hormor» and 
d escrib ing  i t s  stereochem ical s tru c tu re .  The chemical s tru c tu re  was 
determ ined as 3“H®thyl-5"(“l “hydroxy-4-oxo“2 ,6 ,6 - tr im e th y l-2 “ cyclohoxens- 
l - y l ) “ C is ,tra n s “2 ,4 “pentadienoic ac id  hy A ddicott e t  a l ,  (4) and Ohkuma 
e t  a l ,  (39)• These in v e s tig a to rs  used spectropo larim etry  to  id e n tify  
ABA in  e x tr a c ts  o f  avocado, b irc h , cabbage, lemon, p o ta to , and sycamore, 
Milborrow (35) extended th i s  l i s t ,  and re ce n t re p o rts  in d ic a te  th a t  
ABA has been e x tra c te d  and id e n t i f ie d  from 23 sp ec ies  o f h igher p la n ts  
(2 , 14, 16, 17, 25 , 26, 35» 38, 42) (Table 1 ) ,
Not only i s  ABA a n a tu ra l p la n t component and n a tu ra lly  
occurring substance, b u t i t  i s  a lso  e f fe c t iv e  in  both promotive and 
in h ib ito ry  growth re g u la tio n , ac tin g  as a  hormone when ap p lied  to  an 




























Lupinus lu te  us 
(yellow  lupine)
bud, bark, lea v es , 
tw igs, wood, roots
lea v es , rhizome
leaves
leaves o f the heart
leaves
fr u it
liq u id  endosperm
leaves
















TABLE 1 -  Continued
Species Organ References
Persea gratissim a  
(avocado)




Prunus persica  
(peach)









f r u it ,  leaves (42)
Rosa canina 
(w ild rose)
lea v es , stems, pseudo­
carp, achenes
(35)
T ilia  platyphylla  
(linden)
f r u it ,  seed (35)
Solanum tuberosum 
(potato)





fr u it (35)
reported to  promote ab scission  of leaves and fr u its  (1 , 2 , 6, 21, 33)» 
induce seed dormancy (14 , 20 , 32 , 51, 5 5 ), and El-Antably (21) in ­
dicated that ABA may p ossib ly  play a part in  the regulation o f bud 
dormancy, Sondheimer and Galson (50) reported in h ib itio n  o f chlorophyll 
synthesis by ABA in  excised  embryos o f ash seeds.
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Addicott e t  a l .  (2 ) reported that ABA was in active as an 
auxin in  the growth of Avena co leo p tile s;  i t  reduced co leo p tü e  growth 
to  60$ o f that induced by indole-3“a ce tic  acid (lAA) alone. Later 
they found ABA in active as a g ib b erellin  in  the growth o f dwarf maize 
or dwarf peas (4 ) .  Chrispeels and Varner (12) found that g ib b erellio  
acid-induced synthesis o f alpha-amylase and amino acid release in  
barley aleurone layers can be inh ib ited  by ABA. I t  appears that ABA 
can counteract the stim ulatory action o f lAA and g ib b ere llic  acid ,
GÂ  (2 ) .
Walton and Sondheimer (57) reported  th a t  ABA s tim u la tes  both 
development and re te n tio n  o f phenylalanine amraonia^lyase a c t iv i ty .  
Furtherm ore, E l-A ntably (21) and Evans (22) found th a t  ABA in h ib ite d  
flow er induction  In  the long day species (Betula pubescens. Acer pseudo-  
p la ta n u s . Ribes n ig iw . and Lolium temulentum) , and i t  could promote 
flow ering in  the sho rt-day  p la n t ( F h a rb itis  n i l ) under long-day con­
d itio n s  .
The knowledge of the physiological and biochemical e f fe c t  of 
ABA on higher plants and th e ir  metabolism i s  not y et w ell known and i s  
open to experimentation.
Numerous rep o rts  in  the l i t e r a tu r e  s ta te  th a t  scopolin , 
sc o p o le tin , chlorogenic ac id  and l ig n in  are w idely d is tr ib u te d  in  
p lan ts  (5 9 199 30, 55n 58). Only a few q u a n tita tiv e  s tu d ie s  o f e f fe c ts  
of g row th-regulators on jh .enolic compounds have been rep o rted .
Skoog and M ontaldi (4 9 ), and Sargent and Skoog (46, 4?) 
s tu d ied  the au x in -k in e tin  in te ra c t io n  reg u la tin g  scopolin  and sco p o le tin
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le v e ls  in  tobacco t is s u e  c u ltu re . They found th a t  tobacco ca llu s  
t is s u e  re le a se s  a b lu e -flu o re sc en t m a te ria l in to  the medium, and 
id e n t i f ie d  the  main p a r t  o f the m a te ria l as sco p o le tin . In  healttiy  
t is s u e  the sco p o lin -sco p o le tin  r a t io  was very  h igh , about 13*1 , and 
th is  high r a t io  was dependent upon the presence o f k in e tin , A high 
concen tra tion  o f lAA, on the o th er hand, acce le ra ted  the degradation 
of scopolin  to  sco p o le tin ,
K oblitz  (28, 29) repo rted  th a t  k in e tin  and g ib b e re llic  acid  
induced l ig n in  form ation in  t is s u e  c u ltu re . Furtherm ore, Bergmann 
(7 , 8) in d ica ted  th a t  the le v e ls  o f scopo lin , sco p o le tin , chlorogenic 
a c id , and l ig n in  in  tobacco c a llu s  t is s u e  increased  a f t e r  the ad d itio n  
o f k in e tin .
Tissue cu ltu re  methods o f fe r  c e r ta in  advantages fo r  te s t in g  
the e f fe c ts  o f g row th-regulators on p la n t metabolism. They allow  more 
p rec ise  co n tro l over experim ental conditions such as tem perature, 
l i g h t ,  pH, tin® , and the chemical environment. They are u su a lly  
more s e n s itiv e  to  changes in  the chemical environment and allow 
accurate  observation  a t  the c e l lu la r  le v e l .  Although some suggestions 
have been made as to  the physio log ical and biochem ical s ign ificance  
of ABA, no study has y e t been made to  determine id iether th is  compound 
a c ts  as a growth reg u la to ry  substance in  t is s u e  cu ltu re  = Therefore, 
i t  seemed o f in te r e s t  to  u t i l i z e  the t is s u e  cu ltu re  technique to  
determ ine tdiether th is  compound would reg u la te  the  b io sy n th esis  of 
l ig n in  and o ther phenolic compounds. S tru c tu ra l formulas of p e r tin e n t 












F ig , 1 . Chemical s tru c tu re s  o f groirth reg u la to ry  
substances p e r tin e n t to  th i s  s tudy .
o  /OH
O—-C -— CH =  CH —— OH 
HO O C/—( )  CHLOROGENIC ACID
MoV _ / o h  
OH




C  C H = C H   / Q V oh  band 510
H3C 0 , 
H O ' ^ O ^ ^ O
SCOPOLETIN
H3C O
G lu c o s e —O'
SCOPOLIN
CH—  CH — CH^OH
LIGNIN MONOMERS
F ig. 2 , Structural formulas o f phenolic compounds 
pertinent to  th is  study.
CHAPTER n
MATERIALS AND METH0IX3
Stock c a llu s  t is s u e  from c u lt iv a te d  tobacco, N icotlana 
tabacgom Lo, v a r ie ty  Wisconsin number 38, was obtained from Dr» Folke 
Skoog o f the U n iv ersity  o f Wisconsin and th i s  t is s u e  was used through­
out these  stud ies»  A bscisic ac id  (SD* 16108 code l-6-=0-0) was obtained 
from S h e ll Development Company, Modesto, C a lifo rn ia , through th e  courtesy  
of Dr. Ro ELondeau and Dr. J» van Overbeek,
The s tock  tobacco c a llu s  t is s u e s  were subeultu red  on a 
basa l medium o f the follow ing composition (mg/1): 16^0;
KNO ,̂ 1900; 6 .2 ; KHgPO ,̂ 170.0; E l,  0 .83; Na^MoO .̂BHgO, 0.25;
CoClg'éHgO, 0.025; CaClg'ZHgO, 440; MgS0^«4H20 , 22 .3 ; ZnSO^ '̂TH^O, 8 .6 ; 
CuS0^»5H20 , 0.025; d isodium -ferrous-ethylenediam ine te t r a - a c e ta te ,  37*3; 
FeS0^»7H20, 27 ,8 ; thiamine-HCl, 0 ,4 ; m yoinosito l, 100; sucrose , 30,000; 
lAA, 2 ,0 ; and k in e t in ,  0 ,2 , The tÆ[ o f the cu ltu re  was ad ju sted  w ith 
NaOH to  i n i t i a l  values o f 5*8=6,0 (before adding 1$ of bacto= agar). The 
ntedium was placed in  125 ml Erlenmeyer f la s k s ,  50 m l/f la sk , a f t e r  
which the f la sk s  were stoppered w ith co tto n  plugs and autoclaved a t  15 
lb s  steam pressure  fo r  15 m inutes.
T ransp lan ts were made by p lacing  th ree  p ieces o f  the stock
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c a llu s  o f  approidjnately equal s ize  in to  each f la s k .  The c u ltu re  f la sk s  
were m aintained 3-4  weeks in  a  continuous weak l i g h t  a t  constan t tempera­
tu re  (26° C).
In  e:q)erim ental work, p ieces o f stock  t is s u e  4-5  mm in  
diam eter and w e i r in g  approxim ately 30-40 rag were tran sp lan ted  in to  
a b asa l medium supplemented w ith  a  s e r ie s  o f d i f f e r e n t  concen tra tions 
o f ABA and g ib b e re l l ic  ac id  (GA^), se p a ra te ly , o r  in  combinations o f 
ABA + GA^a Four sep ara te  c u ltu re s  were run a t  each concen tra tion  of 
each growth re g u la to r .  The cu ltu re  f la sk s  were Irapt in  weak, d iffu sed  
l i g h t  a t  26° C u n t i l  h arv ested  f iv e  weeks l a t e r .  At th a t  time w e i^ ts  
were determ ined, and t i s s u e s  were ex trac ted  according to  a procedure 
devised by Koeppe (3 0 ), These e x tra c tio n  procedures used fo r  is o la t in g  
l ig n in ,  sco p o lin , sco p o le tin  and chlorogenic a c id  from tobacco c a llu s  
t is s u e  a re  summarized in  the  ch a rt shown in  Figure 3=
T issues were b o ile d  in  a  mi ni mm] amount o f isop ropy l azeo- 
trope (88)5 isopropanol in  w ater) fo r  5 minutes in  o rder to  in a c tiv a te  
a l l  enzymes. The t is s u e  was then  ground in  a  b lender f o r  two m inutes, 
and tra n s fe r re d  to  a  S ozh le t e x tra c tio n  thim ble » Next, the  t is s u e  was 
washed w ith  approxim ately fo u r  tim es ( r l )  i t s  f re sh  weight (g) w ith  
b o ilin g  isopropanol-w ater (1 :1 , v /v ) ,  f iv e  tim es i t s  f re sh  w eight w ith 
b o ilin g  IBMW (isopropanol-benzene-m ethanol-w ater;. 2 :1 :1  i l ,  v /v /v /v ) ,  and 
four tim es i t s  f re s h  w eight w ith b o ilin g  isopropy l azeo trope. The 
t is s u e  rem aining in  th e  thim ble was e x tra c te d  fo r  24 hours in  a Soxhlet 
e x tra c to r  w ith  isop ropy l azeo trope, then  fo r  a  second 24 hours w ith 
isopropanolo
A ll washings and e x tra c ts  were combined and evaporated to
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TOBACCO CALLUS TISSUS
b o il  5 min» w ith  88J& 
IpOH, then  grind
HOMOGENATE
f i l t e r  through Soxhlet 
e x tra c tio n  thim ble
EESIDÜE
wash w ith
i )  5Ô5S IpOH 
i i )  IBMW 
l i i i )  88$ IpOH
FILTRATE
RESIDUE FILTRATE
e x tr a c t  w ith |__
88^ IPOH ,r -
RESIDUE FILTRAIS
e x tra c t  w ith '-----
1005  ̂ IpOH
RESIDUE FILTRATE
d ig e s t  w ith 
72^  HgSO^
ACIDIC SOLUTION
d ilu te  to  
3^HgS0^
ACIDIC SOLUTION 
autoclave fo r  
one hour 
>ROLÏSISHID
f i l t e r  through g lass  
p la te  fu n n e l, wash 
w ith  d i s t i l l e d  w ater
evaporate under 
reduced pressure
, t  50° C.
DRY REST JE
d isso lv e  in  known 
volume of IBMW, 
then  spot
WHATMAN NO. PATER (pre-washed) 
develop
F i l t r a t e







F ig , 3» E x trac tio n  procedure fo r  is o la t in g  l ig n in  and 
phenolic compounds from tobacco c a llu s . IpOH = isopropanol > IBMW = 
isopropanol-benzene-m ethanol-w ater, IFW = isopropanol-form lc ac id -w ater, 
and KFW = methyl iso b u ty l keitone-formic ac id -w ater.
See te x t  fo r  r a t io s  o f so lven ts in  various so lv en t systems*




Mere read  a t  a wavelength o f  324 qp on a  Beckman DB-G spectrophotom eter, 
A standard  re fe ren ce  curve (F ig . 4) f o r  chlorogenic ac id  was prepared 
using known q u a n ti t ie s  o f sy n th e tic  compounds which were c a rr ie d  th r o u ^  
s im ila r  chromatographic s te p s .
B 510 has an absorp tion  spectrum and e x tin c tio n  c o e f f ic ie n t 
id e n tic a l  to  chlorogenic a c id  (5* 30)» so the  standard  curve o f 
chlorogenic ac id  was a lso  used fo r  the q u a n ti ta t io n  o f Band 510,
Scopolin  and sco p o le tin  were q u a n tita te d  w ith a  Model 110 
Turner fluorom eter using  pyrex cuvettes and a h igh  s e n s i t iv i ty  a tta c h ­
ment a t  an instrum ent s e tt in g  o f Ix . A prim ary f i l t e r  #  7-60, and a  
secondary f i l t e r  #  2A p lus #  48 (Kodak W ratten f i l t e r )  were u t i l iz e d  
(58) .  S tandard referen ce  curves fo r  scopo lin  (F ig , 5) and sco p o le tin  
(F ig . 6) were prepared by the  same method as described  f o r  chlorogenic 
a c id .
The w hite resid u e  o f t is s u e  remaining in  the  Sosdilet t himble s  
a f t e r  e x tra c tio n  was d r ie d  in  an oven a t  60° C fo r  24 hours. The 
thim bles were cooled in  a  d e s ic ca to r  and weighed. Ten ml a liq u o ts  o f 
the  sample e x tr a c t  were a lso  oven d r ie d . The w eight o f  the  d ry  m atter 
per ml in  th e  a liq u o t m u ltip lied  by th e  volume o f  the sample (ml) was 
added to  the w e i ^ t  o f  th e  lA ite  residue  to  o b ta in  the t o t a l  dry  
w eight o f the  sample.
An a liq u o t o f  th e  d r ie d , isopropanol e x tra c te d  t i s s u e s ,  was 
tra n s fe rre d  to  a  125 ml Srlenmeyer f la s k .  Then 20 ml o f  72$ s u lfu r ic  
ac id  so lu tio n  were added to  the  f la s k  w ith  co n s tan t shaking a t  room 
tem perature fo r  24 hours.
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F ig . 4 , R ela tionsh ip  o f  o p tic a l  d en s ity  to  
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Fig. 5» Relationship o f per cent fluorescence 











Fig. 6. Relationship of re la tive  fluorescence 
and scopoletin  concentration on the Model 110 Turner 
fluorometer.
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changed from l i g h t  brownish to  b lack  in  color* A fte r 24 hours, the 
mixture was tra n s fe rre d  in to  a o n e - l i te r  f la s k  and d ilu te d  to  a 3^ 
concen tra tion  o f ac id  w ith  d i s t i l l e d  w ater. Each f la s k  was covered 
w ith a  250 ml beaker. The mixture was autoclaved fo r  one hour.
A fter overn igh t coo ling , the hydrolyzed m a te ria l was f i l t e r e d  through 
a pre-weighed ^ a s s  p la te  funnel and washed w ith  d i s t i l l e d  w ater u n t i l  
free  o f a c id . The re su lt in g  is o la te d  KLason l ig n in  was then w e ire d .
CHAPTER H I  
EXPERIMENTAL RESULTS
E ffec ts  of A bscisic Acid on Callus Growth, 
Lignin, Chlorogenic Acid, Scopolin, 
and Scopoletin  Content
Tobacco ca llu s cultures were treated  with ABA a t fiv e  
d ifferen t le v e ls ,  with four rep lica te  f la sk s  a t each treatment le v e l .  
Concentrations o f ABA of 0 .1 , 1 ,0 , 2 ,0 , and 5 ,0  mg/l sign ificantly-  
decreased ca llu s growth, but the 0,01 mg/1 concentration did not.
The dry  w eight decrease c lo se ly  p a ra lle le d  -that o f f re sh  weight 
(P ig . 7 ) .
The ABA caused an in h ib itio n  o f p ro lifera tio n  accompanied 
by a decrease in  to ta l  chlorogenic acids and lig n in  content (F ig . 8 ) ,  
The amounts o f scopolin and scopoletin  in  the ca llu s t issu e  
varied greatly  depending on the concentration of ABA in  the medium 
(Table 2 , F ig , 9 ) . The 0,01 mg/1 concentration had no s ig n ifica n t  
e f fe c t  on the scopolin  content, but i t  s ig n if ic a n tly  reduced the 
scopoletin  concentration. An increase in  ABA to  0,1 mg/l resul-ted in  
a s ig n if ica n t decrease in  scopolin content with a concomitant in ­
crease in  scopoletin  con-tent. In contrast, a 1 .0  mg/l concentration 



















1 .0 2 . 0
Control 0.01 0.1 1 .0  2 .0  5 .0
CONCENTRATION OF ABSCISIC ACID IN mg/l
F ig. 7 . E ffects  o f ABA on fresh weight and 
dry weight. Each bar represents mean of four rep lica tes . 
Star = difference from control s ig n if ic a n t a t 5% le v e l  



















Control ü.Ol 0.1 1.0
★
2.0  5.0
Control 0.01 0.1 1.0 2 .0  5«0
CONQLWTRATION OF AbSCISIC ACID IN mg/l
F ig. 8 . E ffects  o f ABA on to ta l  chlorogenic 
acids and lig n in  content. See F ig. 7 for symbol-
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0 0.01 0.1 1.0  2.0  5.0
CONCENTRATION OF ABSCISIC ACID IN mg/l
F ig . 9 . E ffects of ABA on scopolin  and 










mg/l concen tra tion . F urther in creases  in  ABA (2 ,0  and ^ ,0  mg/l) 
caused both  the scopolin  and sco p o le tin  contents to  decrease s ig n i f i ­
can tly  below those in  the  co n tro l,
TABLE 2
EFfECTS OF ABA ON SCOPOLIN AND SCOPOLETIN CONCENTRATION.




ng /g  fre sh  w t.
Scopo le tin , 
jüg/g fre sh  w t.
Control 215.3 -  1.44 23.77 -  1.82
0,01 206.6 -  4 ,7 19.63 -  2,41*
0.1 199.6 -  3.49* 29.33 -  2,93*
1 .0 259.9 -  1.97* 10.55 -  2 . 39*
2 ,0 177,0 t  2,11* 11.63 -  3 . 92*
5.0 170,0 ± 1,88* 7.69 -  1 .96*
♦D ifference from con tro l s ig n if ic a n t  a t  5/S le v e l  o r b e t te r .
E ffe c ts  o f  G ib b e re llic  Acid on Growth, L ign in , 
Chlorogenic Acid, Scopolin and 8copo le tin  
Content o f  Tobacco Callus
GÂ  had a pronounced stim u la to ry  e f f e c t  on growth of 
tobacco c a llu s  w ith a 0,1 mg/l concen tration  in creasin g  the t o t a l  
f re sh  weight to  about 3 times th a t  o f  the co n tro l (F ig , 10), How­
e v e r, the h igher concentration  o f GÂ  (10,0 mg/l) caused an in h ib itio n  
o f c a llu s  growth.
The low concentration  o f GÂ  caused a decrease in  amount of 
t o t a l  chlorogenic a c id s , bu t the h igher concentration  of GÂ  increased  


































Fig. 11. E ffects  o f G-Â  treatment on to ta l  
chlorogenic acids and lig n in  content. Each bar represents 
mean o f 4 rep lica te s . Symbols as in  F ig. 10.
bo
F ig. 10, E ffects  of GA~ treatment on fresh  weight 
and dry weight o f tobacco ca llu s . Each bar represents mean 
of 4 r ep lica te s . Solid  bar = control containing basal medium 
only, slashed bar = basal medium + 0,1 mg/l GA_, open bar = 
basal medium + 10.0 mg/l GA„. Star = s ig n i f i e n t  d ifference  




con ten t o f  l ig n in  vas found In  tobacco c a llu s  a f t e r  tre a tm sn t v i th  th e  
low concen tra tion  o f  b u t the  h ig h er GÂ  ̂ trea tm en t caused no 
s t a t i s t i c a l l y  s ig n if ic a n t  change in  l ig n in  when compared w ith  th e  
co n tro ls  (F ig . 1 1 ), There was a  s l ig h t  in d ic a tio n  o f decreased 
l ig n in  sy n th e s is  w ith  the h eav ie r trea tm en t.
The low le v e l  o f GÂ  caused a  s ig n if ic a n t  red u ctio n  in  
scopolin  compared w ith  the  amount in  co n tro l t i s s u e ,  lA ereas the 
h ig h er GÂ  concen tra tio n  caused a  s ig n if ic a n t  in c rease  in  scopolin  
(F ig . 12). S co p o le tin  production  was increased  s ig n if ic a n t ly  by 
both  low and high GÂ  concentrations (F ig . 12 ),
E f fe c ts  o f GAg on ABA-Induced In h ib it io n  
o f C allus Growth, Chlorogenic Acid 
and L ign in  Content
As s ta te d  above, the lower concen tra tio n  o f GÂ  added to  
the  b asa l medium enhanced the  growth o f tobacco c a l lu s .  The in h ib ito ry  
e f f e c ts  on growth o f 0,1 and 1 ,0  mg/l concen tra tions o f ABA were over- 
"come by 0,1 mg/l o f  GA^, b u t the  in h ib i t io n  r e s u l t in g  from 2 ,0  mg/l 
o f  ABA was n o t reversed  by th e  low concen tra tion  o f GÂ  (F ig , 13), The 
0,01 mg/l concen tra tio n  o f ABA d id  n o t s ig n i f ic a n t ly  a f f e c t  growth o f 
the  c a llu s  (F ig , 7 ) ,  and th e  low concen tra tio n  o f GÂ  d id  n o t change 
th a t  r e s u l t  (F ig , 1 3 ), The in h ib i t io n  o f  c a llu s  growth by a l l  con­
c e n tra tio n s  o f  ABA employed was overcome by a d d itio n  o f th e  h ig h er 
concen tra tion  o f GA^.
R eversal o f  the  in h ib i t io n  o f chlorogenic ac id  and l ig n in  
sy n th esis  was a tte n ç te d  by the  ad d itio n  o f GÂ  a t  two d i f f e r e n t  
























Fig, 12. E ffects  of GÂ  treatment on 
scopolin  and scopoletin  content of tobacco ca llu s . 
Each bar represents mean of four rep lica tes . 
Symbols as in  F ig. 10.
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00
GONGENTRATION OF ABSCISIC ACID (m g/l)
F ig . 13. Comparative growth e f fe c ts  o f ABA- 
GAo in te ra c t io n  in  tobacco c a llu s  t is s u e .  Each bar 
rep re sen ts  mean o f 4 r e p l ic a te s .  S o lid  b ar = co n tro l 
contain ing  b asa l medium + in d ica ted  amount of ABA, 
slashed  b ar = b asa l medium + 0.1 mg/l GÂ  + in d ica ted  
amount o f ABA, open b ar = basa l medium + 1 0 .0  mg/l GA_ 
in d ica ted  amount of ABA, so lid  s ta r  = ABA-induced 
in h ib it io n  was s ig n if ic a n tly  reversed  by ad d itio n  of 
GÂ  a t  Sh le v e l  o r b e t te r .
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completely reversed the in h ib itio n  o f chlorogenic acid syntliesis  
resu ltin g  from the 0,01 mg/l concentration o f ABA (F ig . 14). How­
ever, GÂ  was not e ffe c t iv e  in  reversing the ABA in h ib ition  of  
chlorogenic acid synthesis in  any other t e s t  (F ig . 14 ). In fa c t ,  
the combinations o f 10.0 mg/l GÂ  and ABA in  concentrations o f 0,1 
to  2 ,0  mg/l reduced the amount o f chlorogenic acids more than the 
d ifferen t concentrations o f ABA alone.
I t  was previously stated that "üiere was a reduction of  
l ig n in  content in  ABA°treated ca llu s (F ig , 8 ) ,  In contrast to th is ,  
the lower concentration o f GÂ  (0 .1  mg/l) s ig n if ic a n tly  increased the 
l ig n if ic a t io n  o f tobacco ca llu s (F ig , 11), I t  appeared lo g ic a l ,  
therefore, that GÂ  might reverse the inh ib itory  e f fe c ts  o f ABA on 
l ig n in  synth esis. This was found to be true because both the low and 
h i ^  concentrations o f GÂ  were e ffe c t iv e  in  overcoming ABA in h ib ition  
of l ig n if ic a t io n  at a l l  concentrations o f ABA tested  (F ig , 15)» I t  
should be reca lled  that the 0,01 mg/l concentration o f ABA did not 
a ffe c t  lig n in  synthesis s ig n if ic a n tly  (F ig . 8 ) .
E ffects  o f GAo on A bscisic Acid-Induced 
Promotion and Inhibition  o f Scopolin  
and Scopoletin Content
In a previous sectio n , i t  was stated that tobacco callus  
treated with increasing le v e ls  of ABA exhibited an in h ib itio n -  
promotion o f scopolin and scopoletin  content. Tissues treated with 
high concentrations o f GÂ  resu lted  in  increases in  scopolin  and 
scopoletin  accumulation (F ig , 12). The lower concentration o f GÂ  





0.01  0.1  1 .0  2 .0
C1NC2NTRATI0N OF ABSCISIC ACID (mg/l)
F ig. 14. E ffects  o f ABA-G^ in teraction  
on chlorogenic acids content. See Fig. 13 for symbols. 
Slashed star  = ABA-induced in h ib ition  was not reversed 
by addition o f GA~ but amount o f chlorogenic acids was 
s ig n if ic a n tly  d ifferen t from appropriate control a t 5$  
l e v e l  or b etter .
§
1
0.01  0.1  1 .0  2 .0  
CONCENTRATION OF ABSCISIC ACID (mg/l)
F ig. 15.
a c tio n  on l ig n in  content 
o f  4 r e p l ic a te s .  See F ig . 13 fo r  symbols.
E ffects  o f ABA-GÂ  in te r -  
Each bar represents mean
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sco p o le tin . N either o f the  GÂ  trea tm en ts  was ab le  to  overcome the 
ABA in h ib i t io n  o f scopo lin  production  (F ig . 1 6 ), In  f a c t ,  ABA + GÂ
were more in h ib ito ry  th an  ABA alone, and GÂ  com pletely reversed  the 
promotion o f scopo lin  production  re su lt in g  from 0,1 mg/l o f  ABA 
(F ig , 9 , l 6 ) ,  GÂ  a t  0,1 and 10,0 mg/l were able to  reverse  the 
in h ib i t io n  of sco p o le tin  production by ABA a t  1 .0  and 0,01 mg/l 
re sp e c tiv e ly  (F ig , 17 ), Both concen tra tions o f GÂ  reversed  the 












0.01  0 .1  1 . 0  2 . 0  
COrJŒKîMTICi'I OF ABSCISIC ACID I mg/l)
F ig . 16. E ffects  of ABA-GA,, in teraction  
on scopolin content. Each bar represents mean o f 4 
r ep lica te s . Symbols as F ig. 13. Slashed star = ABA- 
induced in h ib itio n  was not reversed by addition of GA 
but amount was s ig n if ic a n tly  d ifferen t from appropriate 







0.01  0.1  1 .0  2 .0  
CONCENTRATION OF ABSCISIC ACID Img/l)
F ig . 17 . E ffects of ABA-GÂ  in teraction  
on scopoletin  content. Each bar represents mean of 4 
r ep lica te s .
SjTnbols as in  F ig. 13. 14.
CHAPTER IV 
DISCUSSION
The p re se n t r e s u l ts  provide a d d itio n a l knowledge of some 
of the p h y sio lo g ica l p ro p e rtie s  o f ABA, p a r t ic u la r ly  o f i t s  in h ib ito ry  
e f f e c ts  in  t is s u e  cu ltu re  on growth, l ig n in  co n ten t, and phenolic 
con ten t.
These experim ents have shown th a t  th e re  i s  a r e la t io n  be­
tween growth and l ig n in  production, ABA decreased the growth ra te  
and the  amount o f l ig n in  produced. On the o th er hand, low concen­
tr a t io n s  o f GÂ  in te n s if ie d  growth and increased  the e lab o ra tio n  of 
l ig n in ,  whereas high concentrations o f GÂ  had th e  reverse  e f f e c t .
A p o s tu la ted  m etabolic pathway of conversion of phenyl­
a lan ine to  chlorogenic a c id , scopo lin , sc o p o le tin , and l ig n in  i s  
p resen ted  in  Figure 18 (10, 23, 53» 5^» 55)» I t  appears th a t  many 
enzymes are involved in  the b io sy n th es is  o f l ig n in  and phenolic 
compounds, Koukol and Conn (31) id e n tif ie d  th e  enzyme phenylalanine 
ammonia-lyase, which converts phenylalanine to  cinnamic ac id , and
th i s  enzyme may be able to  reg u la te  l ig n in  syn th esis  ( 52, 60),
1Ü»
Steck (53» 54), using COg, found th a t  f e ru l ic  acid  could 
be incorporated  in to  f ib e r  components through a feru loy lg lucose 
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Fig. 18. A proposed metabolic conversion of  
phenylalanine to  lig n in  and other phenolic compounds.
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g lu co sid e , in  tobacco, Gamborg (23) proposed a s ide  branch from 
c a f fe ic  a c id  through f e r u l ic  ac id  in  the  form ation o f l ig n in .
R ecently , Brown (10) confirmed the  enzymes which are  involved in  
l ig n in  sy n th e s is .
The promotion of phenylalanine ammonia-lyase a c t iv i ty  by 
ABA was rep o rted  by Walton and Sondheimer (57)» arid th is  enzyme was 
im p lica ted  as the one co n tro llin g  agent in  l ig n i f ic a t io n  (11 , 59)*
I t  follow s from th i s  th a t  an in crease  in  phenylalanine ammonia-lyase 
a c t iv i ty  could le a d  to  an increase  in  the sy n th es is  o f l ig n in  and 
phenolic  compounds. However, th e  p resen t experim ents suggest a 
s ig n if ic a n t  decrease in  chlorogenic ac id  and l ig n in  content- due to  the 
e f f e c t  o f ABA in  t is s u e  c u ltu re . Van Overbeek (40) s ta te d  th a t  
in h ib i t io n  caused by ABA i s  the r e s u l t  o f an a l lo s t e r i c  in h ib it io n  of 
an enzyme. This statem ent and th e  r e s u l ts  o f p re sen t d a ta  in d ica te  
th a t  the  a c t iv i ty  o f  enzymes which are  involved in  the b io sy n th esis  o f 
l ig n in  could be p a r t ia l ly  blocked somewhere between c a f fe ic  ac id  and 
chlorogenic ac id  or between f e r u l ic  ac id  and l ig n in  by ABA, According 
to  the proposed scheme, the decrease in  t o t a l  chlorogenic ac id s may 
have caused the decrease in  l ig n i f ic a t io n ,
D utta and M cllrath  (19) found th a t  peroxidase a c t iv i ty  of 
b o ro n -d e fic ien t t is s u e  was c o n s is te n tly  and s ig n if ic a n tly  low er than 
th a t  o f t is s u e s  rece iv ing  boron in  the  n u tr ie n t  medium and they  proposed 
th a t  the low er peroxidase a c t iv i ty  may account in  p a r t  f o r  the lower 
degree o f l ig n i f i c a t io n  o f b o ro n -d efic ien t p la n ts .  L a te r , S ta ffo rd  (52) 
rep o rted  th a t  f e r u l ic  ac id  induced l ig n in  accumulation in  Phleum 
pra tense  and Sorghum v u lg are . She a lso  poin ted  out th a t  c a f fe ic
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ac id  can serve as  an in h ib i to r  o f  perox idase. T herefo re , the decreases 
in  chlorogenic ac id  and l ig n in  in  tobacco c a llu s  may b e , a t  l e a s t  in  
p a r t ,  due to  the  accum ulation o f c a f fe ic  a c id . Although th e re  i s  no 
d i r e c t  evidence o f  accum ulation o f c a f fe ic  a c id  and f e r u l ic  ac id  in  
the  p re se n t d a ta , th e  d a ta  do in d ic a te  th a t  scopo lin  and sco p o le tin  
in crease  due to  the  e f f e c ts  o f c e r ta in  concen tra tions o f ABA, These 
in c reases  in  scopo lin  and sco p o le tin  m ight be due to  accumulations 
o f c a f fe ic  ac id  and f e r u l ic  a c id .
Another in te re s t in g  asp ec t o f  th e  q u a n tita tiv e  s tu d ies  on 
th e  tobacco c a llu s  was the v a r ia t io n  in  accum ulation o f scopolin  and 
sco p o le tin  depending on the ABA concen tra tion  in  the  medium, Scopolin 
increased  in  amount whereas sco p o le tin  decreased in  amount in  an ABA 
concen tra tion  o f 1 ,0  m g/l. I t  i s  p o ss ib le  th a t  t h i s  concen tra tion  o f 
ABA in h ib ite d  th e  conversion o f scopo lin  to  sco p o le tin  (F ig , 9» 18), 
r e s u l t in g  in  the sco p o lin  accum ulation. However, w ith an ABA con­
c en tra tio n  o f 0,1 m g /l, the scopo lin  con ten t was decreased and th ere  
was an in creased  sco p o le tin  accum ulation. I t  may be th a t  the  ABA was 
n o t concen trated  s u f f ic ie n t ly  a t  t h i s  le v e l  to  in h ib i t  th e  conversion 
o f scopo lin  to  sc o p o le tin .
The p re se n t d a ta  show th a t  c a llu s  t i s s u e  tre a te d  w ith a low 
concen tra tion  o f GA  ̂ re su lte d  in  an in c rease  in  c a llu s  growth, l ig n in ,  
and sco p o le tin  co n ten t. T issues t r e a te d  w ith  a h igh concen tra tion  o f 
GÂ  showed an in c rease  in  chlorogenic a c id , sco p o lin , and sco p o le tin  
co n ten t. Morel (37) rep o rted  th a t  Jerusalem  artich o k e  parenchyma 
c u ltiv a te d  in  a medium contain ing  n a p h th a len e -ace tic  ac id  plus g ib b e re llin  
produced a  h igh amount o f l ig n in ,  Cheng and Marsh (11) found th a t  GÂ
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enhanced l ig n i f ic a t io n  and in creased  phenylalanine ammonia-lyase 
a c t iv i ty  in  dwarf pea. T herefore , the GA^-induced form ation o f  l ig n in  
and phenolic compounds i s  apparen tly  due to  the in creased  a c t iv i ty  of 
the  phenylalanine ammonia-lyase Tdiich produces cinnami c  ac id  from 
phenylalan ine.
Tobacco t is s u e  cannot p ro l i f e r a te  in  v i t r o  u n less  the basa l 
medium contains an aux in , such as IÂÂ, and a  k in e tin  as shown by 
Skoog and M ille r  (4 8 ), This study has shown a s im ila r  response in  
tobacco c a llu s  t is s u e  ; however, the response was g re a te r  when tobacco 
ca llu s  was cu ltu red  w ith  auxin and k in e tin  in  the presence o f GA ,̂
When GÂ  i s  app lied  to  a responsive t is s u e  cu ltu re  system , i t  
apparen tly  b rin g s  about s p e c if ic  m etabolic changes vdiich h e lp  the 
syn thesis  o f  l ig n in  and phenolic  compounds.
The p o ssib le  importance o f ABA in  the  re g u la tio n  o f p la n t 
growth has le d  to  numerous s tu d ie s  on i t s  in te ra c t io n  w ith  pxromotive 
hormones. Khan (27) and Sankhla and Sankhla (45) found th a t  the 
in h ib ito ry  e f f e c t  o f ABA in  le t tu c e  seed germ ination could n o t be 
reversed  by in c reas in g  the  concen tra tion  o f GA^, in s te a d  i t  could be 
reversed  on ly  by k in e t in .  However, g ib b e re l l ic  ac id s  have been found 
to  overcome the  e f f e c t  o f  a b sc is ic  ac id  in  in h ib i t io n  in  many cases. 
Examples are  ev id en t in  the germ ination o f seeds o f Fraxinus sp. (50); 
Corylus av e llan a  (9) ; and production o f alpsha-amylase by b a rle y  
g ra in s  (1 2 ), R ecen tly , Mercer and Pughe (34) found th a t  the g ib b e re llic  
ac id  con ten t o f  ABA-treated maize t is s u e  was low er than normal and 
they  suggested th a t  ABA may serve as an in h ib i to r  o f  g ib b e re llin  
b io sy n th es is .
35
The r e s u l t s  observed in  the  p resen t in v e s tig a tio n  in d ica te  
th a t  t is s u e s  tre a te d  w ith low Gjy w il l  Overcome ÂBA in h ib it io n  o f 
growth, chlorogenic a c id , and l ig n in  b io sy n th es is  to  soms e x te n t.
High GAq w in  only  overcoms in h ib it io n  o f growth and l ig n in  form ation. 
Both low and h igh  GÂ  p a r t i a l ly  overcome ABA in h ib i t io n  o f scopo le tin  
sy n th e s is . I t  i s  n o t c le a r  how a combination o f GÂ  and the growth 
media b rings about the re v e rsa l of ABA in h ib i t io n  o f growth, chlorogenic 
ac id  and l ig n in  sy n th e s is . I t  i s  p o ssib le  th a t  GÂ  s tim u la tes  the 
sy n th es is  o f some s p e c if ic  enzymes tdiich are in h ib ite d  by ABA. An 
eq u a lly  p o ssib le  and perhaps more l ik e ly  exp lanation  o f the observed 
e f fe c ts  o f  ABA-GÂ  in te ra c t io n  on growth and the sy n th esis  of l ig n in  




Experiments were performed to  determine the e f fe c ts  o f ABA 
and GA ,̂ separately, and in  combination of these two plant hormones on 
growth, and the l ig n in , chlorogenic acid , scopolin and scopoletin  content 
of tobacco ca llu s ,
A s ig n ifica n t depression of ca llu s growth resu lted  from 
low concentrations o f  ABA added to Skoog’s medium. Low concentrations 
also inh ib ited  p ro liferation  and decreased the chlorogenic acid and 
l ig n in  content of the c a llu s . The amounts o f scopolin and scopoletin  
in  the t issu e  varied with the concentration o f  ABA in  the medium 
with some concentrations of ABA increasing the amounts o f those com­
pounds and others decreasing the amounts.
GÂ  stimulated ca llu s growth in  a low concentration 
(0.1 mg/l) and inh ib ited  growth at a high concentration (10 ,0  m g/l).
Both le v e ls  o f GÂ  increased scopoletin  accumulation in  tobacco ca llu s .
A high concentration o f GÂ  increased the accumulation of scopolin  
and chlorogenic acids in  the ca llus t is s u e , whereas a low concentration 
of GÂ  decreased the amounts o f  these two phenolic compounds, In 
comparison with the control, lig n in  synthesis was stim ulated by a 
low GÂ  concentration, but a high GÂ  concentration did not have a
36
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s ig n if ic a n t  e f f e c t .
Both low and high  concen trations o f GÂ  overcame ABA 
in h ib i t io n  o f growth and l ig n in  sy n th e s is , and p a r t i a l l y  reversed  
ABA in h ib i t io n  o f sco p o le tin  production. However, GÂ  d id  n o t reverse 
the in h ib i to ry  e f f e c t  o f  ABA on scopolin  production, b u t i t  d id  
reverse  the promotional e f f e c t  o f a 1 ,0  mg/l concen tra tion  of ABA on 
scopo lin  production. The low concentration  o f GÂ  overcame the in ­
h ib i t io n  o f chlorogenic acid  production re su lt in g  from a 0,01 mg/l 
concen tra tion  o f ABA, bu t th i s  was the only re v e rsa l o f  chlorogenic 
acid  in h ib i t io n  re su lt in g  from ad d itio n  of GÂ  to  the medium.
Some possib le  reasons fo r  the observed e f fe c ts  o f ABA and 
GÂ  on growth and b io sy n th esis  o f l ig n in  and c e r ta in  phenolic com­
pounds in  tobaccus ca llu s  t is s u e  were d iscussed .
LITERÜffDRE CITED
1, A ddico tt, F . T, I 968, Environmental f a c to rs  in  the physiology
of a b sc iss io n . P lan t P hysio l, 43» 1471-1479o
2 , A dd ico tt, F , T , , H, R, Cam s, J ,  L. Lyon, 0 . E , Smith, and
J ,  L, Maîfeans, 1964, On the physiology o f a b s c is in ,
p , 687- 703, In  J ,  P, N itsch , ( e d , ) .  R égulateurs n a tu re ls
de l a  c ro issance v eg e ta le , CNRS,, Paris»
3 , A dd ico tt, F , T . ,  J ,  L , Lyon, K, Ohkuma, W, E , T hiessen , H, R,
Cam s, 0 , E , Smith, J ,  W, C om forth , B, V, Milborrow,
G, Ryback, and P, R, Wareing, 1968, ü .bscisic ac id : A
new name f o r  a b sc is in  I I  (dorndn). Science 139:1493»
4 , A dd ico tt, F , R», H, Ohkuma, 0 , E , Smith, and W, E, Thiessen,
1966, Chemistry and physiology o f a b sc is in  H ,  an ab sc iss io n - 
a c c e le ra tin g  hormone, Adv, Chem, 53: 97-105,
5 , Armstrong, G, M, I 968, E f fe c t o f  potassium , magnesium, and
n itro g en  d e f ic ie n c ie s  on tho concen tra tio n  o f chlorogenic 
ac id  and scopo lin  in  tobacco. Ph. D, D is se r ta tio n , Univ. 
o f Okla. (O rder No, 68-17, 584) 48 p , Univ, M icrofilm s,
Ann Arbor, Mich, (D isse rta tio n  A bstr, 29: 2311 B),
6 , A sp in a ll, D ,, L , G. P aleg , and F, T, A dd ico tt, 1967, A bscisin I I
and some horm one-regulated p la n t responses, A ust, J ,  B io l, 
S c i, 20: 869-882.
7 , Bergmann, L, 1964, Der E in flu ss  von K in e tin  auf d ie  L ignin-
bildung und D ifferenzierung in  Gewebekulturen von N icotiana 
tabaccum. P lan ta  62: 221-254,
8 , Bergmann, L, 1965» The e f f e c t  o f k in e t in  on the metabolism of
p la n t t is s u e  c u ltu re s , p , I 78- I 8I .  In  P, R, White and A, R, 
Grove, ( e d s , ) ,  P roc, o f in te rn ,  conf, on p la n t t is s u e  c u ltu re , 
MrCutrhan Publ, Co,, Berkeley, C a lif ,
9 , B radbeer,' J ,  W, I 968, S tud ies in  seed dormancy IV. The ro le
o f endogenous in h ib i to r s  and g ib b e re llin  in  the diorraancy 




10, Brown, A, S. 1969# B iodiem istry  o f l ig n in  form ation,
Bioscienco 19» 115-121.
11, Cheng, K-C,, and H, V, Marsh, Jr* 1968, G ib b e re llic  ac id -
promoted l ig n i f ic a t io n  and phenylalanine ammonia-lyase 
a c t iv i ty  in  a dwarf pea (Pisum sativum) , P lan t P hysio l,
43: 1755-1759.
12, C h risp ee ls , M, J , ,  and J ,  E, V arner, 1966, In h ib it io n  of
g ib b e re llic  acid-induced  form ation of alpha-am ylase by 
a b sc is in  I I ,  Nature 212: 1066-1067.
13, C h risp ee ls , M, J . ,  and J ,  E, Varner, 1967. Hormonal con tro l
o f enzyme sy n th es is : On the  mode of a c tio n  of g ib b e re llic
ac id  and a b sc is in  in  aleurone la y e r  o f b a r le y . P lan t 
P hysio l, 42: 1008-1016,
14, Comforth, J ,  W,, B, V, Milborrow, and G, Ryback, 1965,
Synthesis o f  (1 )-a b sc is in  I I ,  Nature 206: 715.
15, C ornforth , J ,  W,, B. V, Milborrow, G, Ryback, and P, F, Wareing,
1965, I d e n t i ty  o f sycamore "dormin" w ith  a b sc is in  H ,
Nature 205: 1269-1270,
16, Comforth, J ,  W,, B, V, Milborrow, and G, Ryback, 1966,
I d e n t if ic a t io n  and es tim a tio n  o f (+ )-a b sc is in  I I  (dormin) 
in  p la n t e x tra c ts  by spe c tro p o la rim etry , Nature 210: 
627-628,
17, Cornforth, J ,  W,, B, V, Milborrow, G, Ryback, and R, L, Wain,
1966, I d e n t if ic a t io n  o f the yellow  lu p in  (Lupinus lu te u s ) 
growth in h ib i to r  as (+ )-a b sc is in  I I  (+)-dorm in. Nature 
211: 742-7^3.
18, Dieterman, L, J , ,  C-Y, L in , L, Rohrbaugh, V, T h ie sfe ld , and
S , H, Wender. 1964, Id e n t if ic a t io n  and q u a n tita tiv e  
d e term ination  o f scopolin  and sco p o le tin  in  tobacco p lan ts  
tre a te d  w ith  2 ,4-d ichlorophenoxyacetic  a c id . Anal. Biochem.
9: 139- 145.
19, Dutta, T, R ,, and W, J ,  M cllrath, 1964, E ffects  o f boron on
growth and l ig n i f ic a t io n  in  sunflower t is s u e  and organ 
c u ltu re s , Botan. Gaz. 125» 89-96,
20, E ag les, C, F , , and P, F, Wareing, I 963. Experim ental induction
o f dormancy in  B etu la pubescens. Nature 199» 874-876,
21, E l-A ntably , H, M, M,, P, F, W areing, and J ,  H illm an, I 967.
Some p h y sio lo g ica l responses to  D ,L ,-ab sc is in  (dorm in). 
P lan ta  73» 74-90,
40
22. Evans, L, R, I966, Abscisin II: Inhibitory e f fe c t  of flowering
induction ±a a long-day p lant. Science I5I: 107-108.
23. Gamborg, 0 , L. 196?. Aromatic metabolism in  p lants. V, The
b io sy n th es is  o f chlorogenic ac id  and l ig n in  in  potato  
c e l l  c u ltu re s . Canad, J ,  Biochem, 45: 1451-1457»
24. Gabr, 0# M. K ,, and C. G. Guttridge, I 968. Id en tifica tio n
of (+ )-a b s c is ic  acid  in  straw berry  le a v e s . P lan ta  78:
305- 309.
25. Goldschmidt, E, E . , and 3 , P, M onselise, I968, Native growth
in h ib itors from citru s shoots: P a rtitio n , bioassay and
characterization . Plant Physiol. 43: 113-116.
26. Hashimoto, T . , Takashi Deal, and S. Taimira, I 968. Iso la tion
o f (+ )-a b sc is in  I I  from dormant a er ia l tubers of Dioscorea 
b atatas. Planta 78: 89-92.
27. Khan, A, A. 1968. Inh ib ition  of g ib b ere llic  acid-induced
germination a b sc is ic  acid and reversal by cytokinin.
Plant Physiol, 43: 1463-1465.
28. K oblitz, H. 1962. Die Chemie der Zellwant in  v itro  k u ltiv ier ter
pflan zlich er Gewebe. I I .  K inetin-induzierte Ligninbildung, 
eine neue Eigenschaft des K inetins. Faserforschung und 
T extiltechnik  13: 155-160,
29. K o b litz , H. 196^K Chem ish-physiologisehe, Untersuchungen an
Pflanzliehen Zelliwanden. Flora 154: 511-546,
30. Koeppe, D. E, I968, The e f fe c t  of age and varying DV in te n s it ie s
on chlorogenic acid and scopolin concentration in  tobacco 
and sunflower. Ph. D, D issertation . Univ, o f  Okla, (Order
No. 68- 17 , 481) 56 p. Univ, Microfilms, Ann Arbor, Mich,
(D isserta tion  Abstr. 29: 1943 B),
31. Koukol, J , ,  and E, E. Conn, I 96I ,  Metabolism o f aromatic
compounds in  higher p lants. J, B io l. Chem. 236: 2692-2698.
32. Lipe, W, 0 , ,  and J , C, Crane. I966. Dormancy regulation in
peach seeds. Science 153* 541-542,
33. L iu, W. C ., and H, R. Cams. I96I ,  Iso la tio n  o f ab sc isin , an
ab sc iss io n  acce le ra tin g  substance. Science 134: 384-385»
34. Mercer, E. I . , and J . E. Pughe. I969. The e f fe c ts  of ab sc isic
acid on the b iosynthesis of isoprenoid compounds in  maize. 
Phytochemistry 8: 115-122.
41
35» MilboiTow, B« V, 1967, The id e n t i f ic a t io n  o f (+ )-a b sc is in  I I
(+)-dontiin in  p lan ts  and measurements o f i t s  concen tra tion . 
P lan ta  ?6« 93-113.
360 Milborrow, B« V, 1966, The e f fe c ts  o f  sy n th e tic  dl-dorm in
(a b sc is in  H )  on the growth o f the  o a t (Arena s a t iv a ) 
mesocotyl. KLantr. ?0i 155-171.
37, M orel, G, I 965, The e f f e c t  o f growth re g u la to rs  on n itrogen
metabolism of p la n t t i s s u e ,  p . 93-101» In  P. R, White and 
A, R, Grove, (ed .,), Proc, o f in te rn ,  conf, on p la n t t is s u e  
c u ltu re , MrCutrlian Publ, Co,, Berkeley, C a lif ,
38, Ohkuma, K ,, J ,  L, Lyon, F, R, A ddico tt, and 0 , E , Smith, 1963,
A bscisin I I ,  an a b sc iss io n -a cc e le ra tin g  substance from 
young co tton  f r u i t .  Science 142: 1592-1593.
39, Ohkuma, K ,, F, R, A dd ico tt, 0 , E , Smith, and W, E , Thiessen,
1965, The s tru c tu re  o f a b sc is in  I I ,  Tetrahedron L e tte rs  
29: 2529- 2535.
40, Overbeek, J ,  van, I 968. The co n tro l o f p la n t growth. S c ie n t i f ic
Am. 219( 7) :  75-81.
41, Overbeek, J ,  van, J ,  E , L o e ff le r , M, Iona, and R, Mason, 1.967,
Dormin (a b sc is in  I I ) ,  in h ib i to r  o f p la n t DNA syn thesis?
Science 156: 1487-1499,
42, P ien iazek , J , ,  and R, Rudnicki, 196?, The presence of a b sc is in  H
in  apple leaves and apple f r u i t  ju ic e .  B u ll, Acad, P o l,
S c i, S e r. S c i, B io l, 15: 252-254, (B io l. A bstr. 41941,
1968),
43, Robinson, R, M,, and P, F, Wareing. 1964, Chemical nature and
b io lo g ic a l p ro p e rtie s  o f the in h ib i to r  varying w ith photo- 
period  in  sycamore (Acer pseudoplatanus) , P hysio l, P lan t,
17: 314- 323.
44, Rothw ell, K ., and R, L , Wain, 1964. S tud ies on a  growth in h ib ito r
in  yellow  lu p in  (Lupinus lu te u s  L , ) ,  In : Proc, f i f t h  in te rn ,
conf. p la n t  growth re g u la to rs , pp. 363-375, CNRS,, P a r is .
45, Sankhla, N ,, and D, Sankhla, 1968, R eversal o f ( - ) -a b sc is in  I I
induced in h ib it io n  o f  le t tu c e  seed germ ination and seed ling  
growth by k in s t in « P h y sio l, P la n t, 21: I 9O-I95.
46, S argen t, J ,  A ,, and F# Skoog, I 96O, E ffe c ts  o f in d o le -a c e tic
ac id  and k in e tin  on sco p o le tin -sco p o lin  le v e ls  in  r e la t io n  to  
growth of tobacco t is s u e  in  v i t r o . P lan t P hysio l, 35: 935-941,
42
47, S argen t, J .  A ., and F. Skoog. 1961, S copo le tin  g lycosides in
tobacco t i s s u e s .  P hysio l, P la n t, 14: 504-519»
48, Skoog, Fo, and M ille r , C, 0 , 1957. Chemical reg u la tio n  o f growth
and organ form ation in  p lan t t is s u e  to  v i t r o , Symp, Soc, 
E x p tl, B io l, l i t  118-131.
49» Skoog, F , , and E , M ontaldi, 1961, A uxin-kinetin  in te ra c tio n  
reg u la tin g  the scopo le tin  and scopolin  le v e ls  in  tobacco 
t is s u e  c u ltu re s , Proc, Nat, Acad, S c i, U, S, 47: 36-49»
50, Sondheimer, E , and E, 0, Galson, I 966. E ffe c ts  o f a b sc is in  I I
and o th e r p la n t growth substances on germ ination o f seeds 
w ith s t r a t i f i c a t io n  requirem ents. P la n t P hysio l, 41: 
1397-1398,
51, Sondheimer, E , , D, S, Tzou, and E, C, Galson, 1968, A bscisic
ac id  le v e ls  and seed dormancy. P lan t P hysio l, 43: 1443- 
1447,
52, S ta ffo rd , H, A. I 967. B iosynthesis o f phenolic compounds in
f i r s t  to te  m odes of sorghum: l ig n in  and re la te d  products.
P la n t P hysio l, 42: 450-455»
53» S teck , W, 1967. B iosynthesis of scopo lin . Canad. J ,  Biochem,
45: 889- 896.
54, S teck , W, 1967» The b io sy n th e tic  pathway from c a ffe ic  ac id  to
scopolin  in  tobacco le a v e s , Canad, J ,  Biochem. 45: 1995“
2003,
55, T aylor, A, 0 , ,  and M, Zucker, 1966, Turnover and metabolism
o f chlorogenic acid  in  Xanthium leav es  and po ta to  tu b e rs . 
P la n t P hysio l, 41: 1350-1359»
56, T aylor, A, 0 , I 968, The d is t r ib u t io n  and t  m over r a te  o f
so lub le  and inso lub le  caffeoy l e s te r s  i  Xanthium, 
Phytochem istry 7: 63-71 »
57, Walton, D, W,, and E, Sondheimer, I 968, E f fe c t of ab sc is in  I I
on phenylalanine ammonia-lyase a c t iv i ty  in  excised  bean axes. 
P lan t P hysio l, 43: 467-469.
58, W inkler, B, C, 1967» Q uan tita tive  an a ly s is  o f  coumarins by th in
la y e r  chromatography, re la te d  chromatographic s tu d ie s , and 
the  p a r t ia l  id e n t i f ic a t io n  o f a sco p o le tin  glycoside p resen t 
in  tobacco tis su e  c u ltu re . Ph. D, D isse rta tio n , Univ, of 
Okla, (Order No, 68-729) 106 p. Univ, M icrofilm s, Ann 
Arbor, Mich, (D isse rta tio n  A bstr, 28: 2722 B).
43
59. Young, H, Ro, G. H. N, Towers, and A, C. Noish. I966. Tasconomlc
d istr ib u tio n  o f ammiania-lyases for  L^-phonylalanine and L- 
tyrosine in  re la tio n  to l ig n if ic a t io n , Canad. J , Bot,
44: 341-349.
60, Zucker, M,, G, N itsch , and J, P. N itsch, 19&3. The induction of
flowering in  N icotiana, I I ,  Photoperiodic a ltera tio n  o f
the chlorogenic acid concentration. Amer, J , Bot, 52:
271-277.
